pET-14b DNA plasmid containing the StpA gene (expressing an N-terminal 6xHis-tagged protein) was transformed into BL21 (DE3) Escherichia Coli cells using standard heat-shock method. The transformed cells were then grown in LB media containing ampicillin at 37 °C to an OD600 of ≈ 0.6-0.7 before IPTG was added to induce StpA expression. After induction, the cells were harvested before going through cell-lysis by sonication. Dnase (RQ1 Dnase, Promega, U.S.A.) was added into
the cell lysate and incubated on ice for at least 3 hours to digest any remaining genomic DNA fragments. The lysate was then centrifuged and the supernatant was collected. The supernatant solution was then adjusted to contain a final concentration of 1 M NaCl and 20 mM immidazole.
StpA was purified using gravity-flow immobilized metal affinity chromatography. Nickel-charged resin (Ni-NTA Agarose, Qiagen, Singapore) was added to bind to the 6xHis-tagged StpA. The sample was placed in a filter column and washed with 10 ml of washing buffer (20 mM immidazole in a 50 mM phosphate, 500 mM NaCl buffer), followed by 1 ml of pre-elution buffer (100 mM immidazole).
The protein was then eluted in 2.5 ml of elution buffer (250 mM immidazole). SDS-PAGE was run to determine the purity and molecular weight of the protein, and the protein concentration was measured using Nanodrop ND1000 (Wilmington, U.S.A.). Mass spectroscopy was done to further ensure the desired protein is obtained. Glycerol up to 50% was added before storing in -20 °C. StpA isoelectric point was calculated using pI/MW tool from Expasy website (http://au.expasy.org/tools/pi_tool.html).
Atomic Force Microscopy Imaging and Data Analysis
DNA of two different length were used in imaging: 5,386 bp linearized φX174 dsDNA (New England Biolabs) and 576 bp dsDNA constructed by PCR method described previously (1) . Long DNA such as λ-DNA are not typically used in AFM due to its length (≈16 µm), which exceeds the scan area of AFM experiments which is only up to 4 µm in order to achieve high-resolution imaging. In experiments, DNA was incubated with StpA and deposited on a glutaraldehyde-coated mica surface for AFM imaging. As shown previously, glutaraldehyde-coated mica surfaces allow DNA-protein complexes to be deposited on the surface in any buffer condition and are able to preserve the conformations of DNA-protein complexes such as nucleosome arrays, DNA-IHF complexes, and DNA-H-NS complexes (2) (3) (4) (5) . The mica was prepared by depositing 0.1 % APTES solution on a 0.5 cm x 0.5 cm piece of mica for 15 minutes. The mica was then rinsed with deionised water, dried with nitrogen gas before incubating in a desiccator for at least two hours. Next 1 % glutaraldehyde solution was deposited for 15 minutes and the mica was washed and dried as before. In such method, glutaraldehyde is fixed onto the mica surface and it does not diffuse into solution to cause artificial protein-DNA crosslinking in free solution.
A solution of 0.2 ng/µl linearized φX174 DNA with an appropriate concentration of StpA (300 nM for a 1:1 monomer to base pair ratio) was mixed and incubated for 20 minutes. The solution was then deposited on the mica for 20 minutes, following which the mica was washed with 3 millilitres of deionised water and then dried with nitrogen gas. When 576 bp DNA rather than φX174 DNA was used, the same protocol was used except that the DNA-StpA reaction mix was diluted once before depositing it on the mica.
Imaging was done using an AFM (5500 AFM, Agilent Technologies, Singapore) in Acoustic AC mode.
Sample imaging was done at varying scan size of 1-4 µm square, resolution of 512 x 512 or 1024 x 1024 points and scan speed of 1 line per second. After the AFM is processed with Gwyddion software (http://gwyddion.net/), DNA contour length and end-to-end distance are measured using home-written software written with Matlab (MathWorks, Natick, M.A.). The processed image is further filtered by a mean filter before converting to a binary image with a user-defined threshold value. The digitization of DNA polymer was based on previously described methods (6) . The DNA polymer image is digitized by skeletonizing the binary image into single pixel width curved line.
Naturally, the single pixel width curved line represents the DNA backbone, connecting through the center of the backbone, see Figure S8 .
Since the digitized DNA polymer is a series of eight connected chaincode, length determination can be done by calculating how many even and odd codes and using an estimator to get the final contour length. In our software, the corner chain estimator was used (7) . This estimator includes an additional count, corner count. Every consecutive odd-even or even-odd count is considered a corner count. The contour length of the digitized DNA polymer is then expressed as
Where L pixel is the calibrated pixel dimension, n e is the number of even count, n o is the number of odd count and n c is the number of corner count. The end-to-end distance, defined by the distance between the ends of the polymer is calculated by the measuring the distance between the first and last pixel of the digitized DNA polymer.
Transverse Magnetic Tweezers Experiment Setup
The transverse magnetic tweezers setup is similar to the one described in previous work (4, 8) , see A permanent magnet is then used to apply magnetic force on the tethered magnetic beads. A 50 X microscope objective is used to image the tethered magnetic bead onto a CCD camera (Pike F-032, Allied Vision Technologies, Germany). The image is acquired at 100 frames per second. A homewritten software with LabVIEW (National Instruments, US) was used to track the magnetic bead.
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Centroid tracking method was applied to obtain the position of the tethered magnetic bead and thus, the DNA extension. The applied magnetic force is calculated using the following equation
Where k B is the Boltzmann constant, T is temperature, z is the DNA extension and <δx 
High-throughput Magnetic Tweezers Experiment Setup
For the high-throughput magnetic tweezers experiments to study DNA tethers digestion by DNase I, around 10 DNA tethers are simultaneously monitored at 5 fps using a 10X objective. For the bead attached to each DNA, a small square region of interest (ROI) of a dimension of the bead diameter 6 was created to enclose the bead. Under a constant force ≈ 3-5 pN, the bead fluctuation is small and its centroid is always inside in the ROI. If the tether is a single DNA, cleaving of the DNA by DNase I results in a free bead moving along the force direction. Once the centroid is outside the ROI, a tether breakage event was recorded. If there are more than one DNA tethers in between the bead and the surface, this method will only record the breakage if the first DNA. This is because the cutting of the first DNA results in greater tension applied to the remaining DNA tethers, resulting in a longer extension. As a result, the bead will also move out of the ROI, and a single breakage event will be recorded in experiments (see Figure S10 ). In addition, to ensure experimental repeatability, we repeated all high-throughput magnetic tweezers DNase I assays at least twice which allowed us to obtain a rough estimation of the DNA tether lifetime (defined here as time taken for 50% digestion of DNA tethers divided by total DNA tether number) in various buffer conditions. For naked DNA, the values are: 3 ± 1 seconds in 50 mM KCl and 320 nM Dnase I, 8 ± 1 seconds in 500 mM KCl and 1280
nM Dnase I, 6 ± 5 seconds in 50 mM KCl, 10 mM MgCl 2 and 32 nM Dnase I.
SUPPLEMENTARY DISCUSSION

DNA bending persistence length and DNA conformation
The bending persistence length (or simply persistence length), A is a parameter that is proportional to the bending rigidity by A*K B T of a polymer chain (11, 12) . It is defined as the contour distance where the correlation is negligible between two tangent vectors along the polymer. When the contour length is comparable or shorter than A, the thermal deformation of the polymer can be approximated by a smooth bending into an arc that has a constant curvature. When the two ends of the polymer meets with the same tangential orientation, the polymer will have a smooth circular shape.
In our AFM imaging experiments, it is not clear whether the StpA-DNA complex reaches 2-dimensional equilibrium where the tangent vector correlation function is twice of persistence length 7 A, or just a 2-dimensional projection of its 3-dimensional conformation where the correlation function is A. When the contour length is larger than the correlation function, the smooth deformation is no longer a good approximation due to the loss of correlation along the longer backbone. When the two ends of such a long polymer meet with the same tangential orientation, the cyclized polymer will be a more random coiled shape instead of a smooth circle.
For a naked DNA, A is around 50 nm in physiological buffer conditions (11) (12) (13) . The end circles in main article Figure 1A 
SUPPLEMENTARY FIGURES
Supplementary Figure S1 . AFM images of StpA DNA-bridging capability and the StpA protein filament on DNA is unable to interact with another DNA bound protein filament. All images are done using Therefore, we performed force-jumping measurements according to the following protocol. Firstly, the DNA was stretched by 10 pN. Then, the force was quickly jumped to a smaller force and the extension was measured in five seconds. After the extension was measured, the force was jumped back to 10 pN. We found that DNA folding in 5 seconds at low forces was negligible. Applying this method for a range of smaller forces, we were able to obtain the force-extension curve of the StpA-DNA co-filament even in the presence 10 mM MgCl 2 , which was fitted by the DNA WLC model and got an apparent persistence length value with fitting error of 380 ± 29 nm. When the buffer is switched to 50 mM KCl with no magnesium and no free StpA in solution using the same StpA-coated DNA, an apparent persistence length value with fitting error of 293 ± 13 nm is obtained which is roughly similar to that in the presence of magnesium and also within the standard deviation limit of the statistical obtained value (see main article). In addition, another independent experiment with the DNA incubated with the same StpA concentration but in 500 mM KCl buffer condition, the measured persistence length with fitting error is 62 ± 2 nm which is almost similar to that of a naked Figure S9A . Due to the geometry of the magnet, stacked magnetic beads will be observed at such high beads density. Some beads will be attached directly onto the edge due to multi-DNA tethering.
